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ESTIMATING GENETIC VARIATION IN THE BLACK-FOOTED FERRET—
A FIRST ATTEMPT
C. William Kilpatrick', Steven C. Forrest^ and

Tim W.

Clark^

—

No genetic variation was observed for three proteins examined from samples of saliva from 22
The comparable data concerning levels of genetic variation in other taxa at these
inconclusive to provide a meaningful interpretation of the observed absence of genetic variation. The
absence of genetic variation observed in the black-footed ferret population is compatible with the reported levels of
Abstract.

black-footed ferrets (Mustela nigripes).
loci are too

genetic variation in terrestrial carnivores and populations that have undergone bottlenecks. Suggestions for additional
studies using different approaches both to increase the number of loci that are used to determine the level of genetic
variability in the black-footed ferret and to provide a more meaningful comparative data base are provided.

The importance of genetics in the management and conservation of endangered species
has been recently discussed (Soule and

Samples were frozen and shipped on dry ice to
the University of Vermont for analysis of electrophoretic variation of salivary proteins.

Wilcox 1980, Frankel and Soule 1981,
Schonewald-Cox et al. 1983). Although the
primary objective of conservation and management is the continued reproduction of the
species, maintenance of genetic variability
has also been identified as a high priority
(Benirschke 1977, Chesser et al. 1980). Without maintenance of genetic variability, the
species may have an increased probability of
extinction in future variable environments
(Wright 1951).
The objective of this study was to obtain an

Salivary proteins were washed from the cotton or gauze with 1-2 ml of distilled water.

estimate of the level of genetic variability
present in a population of the endangered
black-footed ferret (BFF) near Meeteetse,

Wyoming.

Salivary samples

and did not

aflPect

were

easily taken

the survivorship of individu-

sampled. Comparison of the genetic variaobserved in the Meeteetse population
with reported values in the literature on other
als

tion

species

were made

to

determine the potential

effect of the recent history of population size

(bottlenecks)

and

isolation.

Methods
were collected from immoand
1983 by swabbing the oral and buccal cavities
with a cotton swab or a small piece of gauze.
Salivary samples

bilized animals in the field during 1982

The

residual protein solution was removed
from the cotton or gauze by centrifugation at
600-800 rpm. A corner of the cotton or gauze
was held outside a 15-ml screw cap centrifuge
tube before placing the cap on the tube to
separate the cotton or gauze from the liquid
during centrifugation. Samples were frozen at

-75

were concentrated by the use of acrylamide
sticks (Curtain 1964, Balakrishnan and Ashton
1974). Salivary amylase (AMY) was examined
by the methods of Aquadro and Patton (1980),
except the sample was increased to 25 |xl per
slot and the gel with the starch overlay was
incubated overnight at 37 C before staining.
Salivary esterase (EST-S) was examined by
the methods of Tan (1976) except n-propanol
was deleted from the stain. The method of Tan
and Teng (1979) was usable for superoxide

dismutase (SOD). Better results were obtained with a 10% acrylamide gel using the 8.9
tris-borate-EDTA buffer system of Coyne and
Felton (1977) and with a stain of 100 ml of the
SOD incubation bufiPer (Tan and Teng 1979),
30 mg MTT, 30 mg nitro blue tetrazolium,
and 2 mg phenazine methosulfate. In addition, the methods of Tan and Ashton (1976a)

Department of Zoology, University of Vermont, Burlington, Vermont 05405.
^Biota Research and Consulting, Inc., Box 2705, Jackson,

Wyoming 83001.
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C until analysis.

Prior to electrophoresis, salivary samples

Pocatello, Idaho 83209.
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Table 1. Genetic variability (heterozygosity) among terrestrial mammals in which two or more of the proteins
examined from the saliva of black-footed ferrets have been reported. References in parentheses are cited below; data for
Herpestes auropunctatus ire unpublished (D. B. Hoagland, personal communication).
Taxa

AMY

Homo sapiens

0.138(1)

Peromyscus maniculatus
Peromyscus leucopus
Mus musculus
Herpestes auropunctatus
Mustela nigripes
h

EST

SOD

H='

H**

1986
Table
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2.

Genetic variation among

terrestrial carni

147

Great Basin Naturalist Memoirs

148

tleneck on the level of genetic variability is
dependent upon the rate at which the population recovers from the reduced population
size (Smith 1981) and not on the bottleneck
alone.

Pettus (1985) suggested that carnivores and
perhaps other species of large mammals are
employing the Mullerian strategy and would
be expected to exhibit little genetic variation.
Carnivores appear to have somewhat lower
levels of genetic variation (Table 2), with a
mean heterozygosity of 0.014 for 16 species as
compared to a mean heterozygosity for 46
species of mammals of 0.036 (Nevo 1978). No
genetic variation has been observed in any of
the six taxa of the family Mustelidae (Table 2)
that have been examined. Unfortunately,
these have been examined by only one laboratory (Simonsen 1982), and the sample sizes of
some taxa were very small.

Although the mean heterozygosity observed in carnivores is below the mean value
of other mammalian taxa, several species
demonstrate levels of heterozygosity typical

mammals (Table 2). Those taxa that
demonstrated the highest levels of genetic
for

variation

among

carnivores (Table

2),

Felis

No. 8

variation in carnivores, especially within the

mustelids, including loci for proteins from traditional and nontraditional sources, would

provide a better data base from which to determine what portion of the total genetic variability could be expected to be identified from
salivary samples.
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tional

—

catus and Canis latrans, are those with esti-

mates based on the largest number of loci.
effect of examining a small number of loci
is clearly seen in the estimates of genetic variation in the American black bear {Ursus americanus), as pointed out by Manlove et al.

The

(1980).

The

level of genetic variability in dif-

ferent populations increases with the

of loci examined (Table

number

2).

Future work should include continued research to provide an estimate of genetic variation in the Meeteetse population of BFF
based on a larger number of loci. This research could include an examination of additional loci from nontraditional sources such as
saliva (Tan and Teng 1979), urine (Hayakawa
et al. 1983), and feces (Scribner and Warren
Examination
1984).
of
blood
samples
(hemolysate and serum), however, would allow detection of genetic variation at 30 to 40

Literature Cited

W

F B Christiansen, T Dobson. W. F.
1979.
Elecand O Frydenberg
trophoretic variation in large mammals. I. The

Allendorf, F

,

Eanes.

polar bear, Thalarctos rnaritirnus

.

Heriditus 91:

19-22.

W

Aquadro, C F AND C
Kilpatrick 1981. Morphological and biochemical variation and differentia,

deer mice, Peromyscus maniculatus. Pages 214-230, in M. H. Smith and J. Joule,
eds., Mammalian Population Genetics. University of Georgia Press, Athens. 380 pp.
Aquadro. C F and J C Patton 1980. Salivary amylase
variation in Peromyscus: use in species identification. J. Mammal. 61: 703-707.
AvisE, J C M H Smith, and R K Selander 1979.
Biochemical polymorphism and systematics in the
genus Peromyscus VTI. Geographic differentiation in members of the truei and municulatus species group. J. Mammal. 60:177-192
Bai.akrishnan, C R and G C Ashton 1974. Polymorphisms of human salivarv proteins. Amer. J. Hum.
Genet. 26: 145-153.
Beckman, G.. and A. Pakarinen. 1973. Superoxide dismutase: a population study. Hum. Hered.
tion in insular

,

,

.

,

loci.

By including

loci for

proteins from nontradi-

tional sources, other surveys of genetic varia-

mammal taxa could provide a better
understanding of levels of genetic variation
present at these loci. Other surveys of genetic
tion in

23:34&-351.

Benirschke, K. 1977. Genetic management.
Yearbook 17: 50-60.

Int.

Zoo

KiLPATRICK ET AL. GENETIC VARIATION

1986

M

BoNNELL.

L AND R
,

genetic

K. Selander. 1974. Elephant seals:

variation

and

near

extinction.

Science

184:908-909.

Browne,

1977. Genetic variation in insular and main-

R. A.

land populations of Peromyscus leucopus.

OBrien, S
AND

.

Genetics 87:285-304.

ture 203; 1380.

and M L Kennedy

raccoons, Procyon lotor

1980. Genie variation in

.

Mammal. 61:697-702.

J.

D Goldman, C R Merril,
The cheetah is depauperate in

in S.

Anderson and D. Inkley,

P. K.,

and

Proc.,

1984.

eds.,

Laramie,

Wyoming

Fish Publ., Cheyenne.

M

L Kennedy

1980. Genie relation-

nus. Amer. Midi. Nat. 103:73-82.
Ryman, N. G G Beckman, G Brun-Petersen, and C.
Reuterwall. 1977. Variability of red cell enzymes and genetic implications of management
policies in Scandinavian moose (Alces alces).
,

Curtain, C. 1964. Concentrating protein solutions. NaR. D.,

1983.

ships in the white-footed mouse, Peromyscus leucopus, and the cotton mouse, Peromyscus gossypi-

,

at

similis

VVildt,

Bush

Game and
Price.

A and A A Felton.

1977. Genie heterogenetwo alcohol dehydrogenase loci in
Drosophila pseudoobscura and Drosophila perJ

ity

D E

Black-footed Ferret Workshop
Wyoming, September 18-19,

Chesser.

Coyne,

,

22.1-22.11

Amer.

R K., M H Smith, and 1 L Brisbin, Jr. 1980. Management and maintenance of genetic variability in
endangered species. Int. Zoo Yearbook 20: 146-1.54.

J

M

genetic variation. Science 221:459-462.
PE'nus, D. 1985. Genetics of small populations. Pages

Mid. Nat. 97: 1-9.

Dew,

149

:

Hereditas 85: 157-162.

Schonewald-Cox, C M S M, Chambers, B MacBryde, and W. L Thomas 1983, Genetics and
conservation, Benhamin/Gummins, Menlo Park,
,

Dubach,

M. 1975. Genetic

J.

variation in altitudinally

deer mouse (Peromyscus maniculatus). Unpublished thesis. University of Colorado, Denver. 55 pp.

allopatric populations of the

Fisher, R.

W. Putt, and E Hackel

1976,

An

California.

K T and R

Scribner,

,

J

Warren.

1984. Electrophoretic

investi-

identification of white-tailed

gation of the products of 53 gene loci in three
species of wild Canidae: Canis lupus, Canis la-

preliminary assessment.
48:656-658.

A.,

and Canis familiaris

trans,

.

Biochem. Genet.

a

Selander,

14:963-974.

J.,

H

Naido, andT. Koizumi 1983. Compo-

Lewontin,

R.

C, and

approach

J.

L.

Hubby

1966.

A

molecular

to the study of genie heterozygosity in

natural populations. II. Amounts of variation and
degree of heterozygosity in natural populations of
Drosophila pseudoobscura Genetics 54:595-609.

K 1976, Genie variation in natural populaPages 21-45 in F, Ayala, ed.. Molecular

sachusetts. 275 pp.

W

R K.,
G Hunt, and S Y Yang. 1969.
Protein polymorphism and genetic heterozygosity
two European subspecies of the house mouse.
Evolution 23:379-390.

Selander.

,

nents of major urinary proteins (MUP s) in the
mouse: sex, stain, and subspecies differences. J.
Hered. 74:453-456.

:

evolution. Sinauer Assoc. Inc., Sunderland, Mas-

Harris, H and D A Hopkinson 1972. Average heterozygosity in man. J. Human Genet. 36:9-20.

Hayakawa,

R.

tions.

Frankel, O. H., and M E Soule 1981. Conservation
and evolution. Cambridge University Press, Cambridge. 327 pp.

and mule deer feces
Wildl. Manage.
J.

in

W

Selander, R. K., D
Kaufman, R J Baker, and S L
Williams 1975, Genie and chromosomal differentiation in pocket gophers of the Geomys bursarius group. Evolution 28:557-564.

Selander, R. K., and S Y Yang 1969. Protein polymorphism and genetic heterozygosity in a wild population of the house mouse {Mus musculus). Genetics
63:653-667.

.

LoudenslagER, E. J 1978. Variation in the genetic structure of Peromyscus populations. I. Genetic het-

SiMONSEN,

Electrophoretic variation in large
fox Vulpes vulpes, the stoat
Mustela erminea, the weasel Mustela putorius,
Martes
martes the beech marten
pine
marten
the
Martesfoina and the badger Meles meles Hered-

—

its relationship to adaptive divergence. Biochem. Genet. 16: 1165-1179.

erozygosity

Manlove, M. N., R Baccus, M R Pelton, M H Smith,
AND D Gruber 1980. Biochemical variation in
the black bear. Pages 37-^1 in G. J. Martinka and
K. L. McArthur, eds.. Bears
their biology and
management. Bear Biol. Assoc. Conf 3:1-375.

A D M.
,

1973.

L. Rivas,

Salivary

D

Bixler,

Smith,

als.

Genetics 89:583-590.

Nevo, E. 1978. Genetic variation in natural populations: patterns and theory. Theoretical Pop. Biol. 13: 121-177.

T and K Sick 1975. Genetic polymorphism of
J.
amylase isoenzymes in feral populations of the house
mouse. Hereditas 79:279-286.
OBrien. S J 1980. The extent and character of biochemical
genetic variation in the domestic cat. J. Hered.
Nielsen,

The red

.

itas

96:299-305.

M

F. 1981. Relationships

ability

between genetic variand niche dimensions among coexisting

species of Peromi/scus.

J.

Mammal. 62:273-285.

AND B A Wilcox

1980. Conservation biology: an evolutionary-ecological perspective. Sin-

SouLE, M.

elec-

Amer. J. Hum. Genet. 25:510-522.
Nei, M. 1978, Estimation of average heterozygosity and
genetic distance from a small number of individu-

II.

,

and R Newell

and pancreatic amylase:

trophoretic characterization and genetic studies.

1982.

,

—

Merritt,

V

mammals.

E.,

auer Assoc, Inc., Sunderland, Mass.
Tan,

S.

G. 1976.

Human

Hum. Hered.
Tan, S

saliva esterases: genetic studies.

26:207-216.

G and G C Ashton
,

phatases: genetic studies.

1976a, Saliva acid phosHum, Hered, 26:81-89.

1976b. An autosomal glucose-6-phosphate dehydrogenase (hexose-6-phosphate dehydrogenase)
polymorphism in human saliva. Hum. Hered.

26:113-123.

,

71:2-8.

TanS G.,andY S.Teng

1979.

Human saliva as a source

of biochemical genetic markers.
Hum. Hered. 29: 69-76.

I.

Techniques.

Wright, S. 1951, The genetical structure of populations.
Ann. Eugen. 15:323-354.

